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(57) ABSTRACT 

A medical device delivers a therapy to a patient. Posture 
events are identi?ed, e.g., a posture of the patient is periodi 
cally determined and/ or posture transitions by the patient are 
identi?ed, and each determined posture event is associated 
With a current therapy parameter set. A value of at least one 
posture metric is determined for each of a plurality of therapy 
parameter sets based on the posture events associated With 
that therapy parameter set. A list of the therapy parameter sets 
is presented to a user, such as a clinician, for evaluation of the 
relative e?icacy of the therapy parameter sets. The list may be 
ordered according to the one or more posture metric values to 
aid in evaluation of the therapy parameter sets. Where values 
are determined for a plurality of posture metrics, the list may 
be ordered according to the one of the posture metrics 
selected by the user. 
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COLLECTING POSTURE INFORMATION TO 
EVALUATE THERAPY 

This application is a continuation-in-part of Us. applica 
tion Ser. No. 11/081,872, ?led Mar. 16, 2005, which is a 
continuation-in-part of Us. application Ser. No. 10/826,926, 
?led Apr. 15, 2004, which claims the bene?t of Us. provi 
sional application No. 60/553,784, ?led Mar. 16, 2004. This 
application also claims the bene?t of Us. Provisional Appli 
cation No. 60/785,820, ?led Mar. 24, 2006. The entire content 
of each of these applications is incorporated herein by refer 
ence. 

TECHNICAL FIELD 

The invention relates to medical devices and, more particu 
larly, to medical devices that deliver therapy. 

BACKGROUND 

In some cases, an ailment may affect a patient’s activity 
level or range of activities by preventing the patient from 
being active. For example, chronic pain may cause a patient to 
avoid particular physical activities, or physical activity in 
general, where such activities increase the pain experienced 
by the patient. Other ailments that may affect patient activity 
include movement disorders such as tremor, Parkinson’ s dis 
ease, multiple sclerosis, epilepsy, or spasticity, which may 
result in irregular movement or activity, other neurological 
disorders, or a generally decreased level of activity. The dif 
?culty walking or otherwise moving experienced by patients 
with movement disorders may cause such patients to avoid 
movement to the extent possible. Further, depression or other 
psychological disorders such as depression, mania, bipolar 
disorder, or obsessive-compulsive disorder, congestive heart 
failure, cardiac arrhythmia, gastrointestinal disorders, and 
incontinence are other examples of disorders that may gen 
erally cause a patient to be less active. When a patient is 
inactive, he may be more likely to be recumbent, i.e., lying 
down, or sitting, and may change postures less frequently. 

In some cases, these ailments are treated via a medical 
device, such as an implantable medical device (IMD). For 
example, patients may receive an implantable neurostimula 
tor or drug delivery device to treat chronic pain, a movement 
disorder, or a psychological disorder. Congestive heart failure 
and arrhythmia may be treated by, for example, a cardiac 
pacemaker or drug delivery device. 

SUMMARY 

In general, the invention is directed to techniques for evalu 
ating a therapy delivered to a patient by a medical device 
based on posture information. At any given time, the medical 
device delivers the therapy according to a current set of 
therapy parameters. The therapy parameters may change over 
time such that the therapy is delivered according to a plurality 
of different therapy parameter sets. The medical device, or 
another device, may identify posture events based on the 
posture of the patient, e. g., periodically identify the patient’s 
posture and/ or posture transitions. The posture events may be 
associated with the current therapy parameter set when the 
event is identi?ed. A value of at least one posture metric is 
determined for each of the therapy parameter sets based on 
the posture events associated with that parameter set. A list of 
the therapy parameter sets and associated posture metrics is 
presented to a user, such as clinician, for evaluation of the 
relative ef?cacy of the therapy parameter sets. The list may be 
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2 
ordered according to the posture metric values to aid in evalu 
ation of the therapy parameter sets. In this manner, the user 
may readily identify the therapy parameter sets that support 
the highest activity levels for the patient, and evaluate the 
relative ef?cacy of the parameter sets. 
The therapy delivering medical device or another device 

may monitor one or more signals that are generated by respec 
tive sensors and vary as a function of patient posture. For 
example, the medical device or other device may monitor 
signals generated by a plurality of accelerometers, gyros, or 
magnetometers. The sensors may be oriented substantially 
orthogonally with each other, and each sensor may be sub 
stantially aligned with a body axis of the patient. The therapy 
may be designed to treat a neurological disorder of the 
patient. Example therapies may include a movement disorder 
therapy, a psychological disorder therapy, or deep brain 
stimulation therapy. Speci?c neurological disorders may 
include Parkinson’s disease or epilepsy. 
The medical device or other device may identify a plurality 

of posture events based on the one or more signals. In some 
embodiments, the device periodically identi?es the posture of 
the patient based on the one or more signals, and the identi?ed 
posture is stored as a posture event. The device may identify 
whether the patient is upright or recumbent, e.g., lying down. 
In some embodiments in which sensors are located at a plu 
rality of positions on or within the body of the patient, the 
device may be able to identify additional postures, such as 
standing, sitting and recumbent. Example locations for the 
sensors include on or with the trunk of the patient, e. g., within 
an implantable medical device in the abdomen of the patient, 
and additionally, in some embodiments, on or within an upper 
leg of the patient. In some embodiments, the device identi?es 
transitions between postures, and stores indications of pos 
ture transitions as posture events. 
As mentioned above, each posture event may be associated 

with a current set of therapy parameters and, for each of a 
plurality of therapy parameter sets used by the medical device 
over time, a value of one or more posture metrics may be 
determined. A posture metric value may be, for example, an 
amount or percentage of time spent in a posture while a 
therapy parameter set is active, e.g., average amount of time 
over a period of time, such as an hour, that a patient was within 
a particular posture. In some embodiments, a posture metric 
value may be an average number of posture transitions over a 
period of time, e. g., an hour, that a particular therapy param 
eter sets was active. 

In embodiments in which a plurality of posture metrics are 
determined for each therapy parameter set, an overall posture 
metric may be determined based on the plurality of posture 
metrics. The plurality of posture metrics may be used as 
indices to select an overall posture metric from a look-up 
table comprising a scale of potential overall posture metrics. 
The scale may be numeric, such as overall posture metric 
values from 1-10. 
A computing device, such as a programming device, or, in 

some external medical device embodiments, the medical 
device itself, presents a list of the plurality of parameter sets 
and associated posture metric values via a display. The com 
puting device may order the list according to the posture 
metric values. Where values are determined for a plurality of 
posture metrics for each of the therapy parameter sets, the 
programming device may order the list according to the val 
ues of a user selected one of the posture metrics. The com 

puting device may also present other posture information to a 
user, such as a trend diagram of identi?ed postures over time, 
or a histogram or pie chart illustrating percentages of time that 
the patient assumed certain postures. The computing device 
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may generate such charts or diagrams using posture events 
associated with a particular one of the therapy parameter sets, 
or all of the posture events identi?ed by the medical device. 

In one embodiment, the invention is directed to a method 
for evaluating therapy which includes monitoring a signal 
generated by a sensor as a function of posture of a patient and 
identifying a plurality of posture events based on the signal. 
The method also includes associating each of the posture 
events with a therapy parameter set currently used by a medi 
cal device to deliver a therapy to the patient when the posture 
event is identi?ed, wherein the therapy comprises at least one 
of a movement disorder therapy, psychological disorder 
therapy, or deep brain stimulation and determining a value of 
a posture metric for each of a plurality of therapy parameter 
sets based posture events associated with the therapy param 
eter sets. 

In another embodiment, the invention is directed to a medi 
cal system that includes a medical device that delivers at least 
one of a movement disorder therapy, psychological disorder 
therapy, or deep brain stimulation to a patient and a sensor that 
generates a signal as a function of posture of the patient. The 
medical system also includes a processor that monitors the 
signal generated by the sensor, identi?es a plurality of posture 
events based on the signal, associates each of the posture 
events with a therapy parameter set currently used by the 
medical device to deliver the at least one of the movement 
disorder therapy, psychological disorder therapy, or deep 
brain stimulation to the patient when the posture event is 
identi?ed, and determines a value of a posture metric for each 
of a plurality of therapy parameter sets based posture events 
associated with the therapy parameter sets. 

In an additional embodiment, the invention is directed to a 
medical system that includes means for delivering at least one 
of a movement disorder therapy, psychological disorder 
therapy, or deep brain stimulation to a patient and means for 
monitoring a signal generated by a sensor as a function of 
posture of a patient. The medical system also includes means 
for identifying a plurality of posture events based on the 
signal, means for associating each of the posture events with 
a therapy parameter set currently used by the means for deliv 
ering to deliver the at least one of the movement disorder 
therapy, psychological disorder therapy, or deep brain stimu 
lation to a patient when the activity level is determined, and 
means for determining a value of a posture metric for each of 
a plurality of therapy parameter sets based posture events 
associated with the therapy parameter sets. 

The invention is capable of providing one or more advan 
tages. For example, a medical system according to the inven 
tion may provide a clinician with an objective indication of 
the ef?cacy of different sets of therapy parameters. Further, 
by displaying therapy parameter sets and associated posture 
metric values in an ordered and, in some cases, sortable list, 
the medical system may allow the clinician to more easily 
compare the relative ef?cacies of a plurality of therapy 
parameter sets. The medical system may be particularly use 
ful in the context of trial neuro stimulation for treatment of, for 
example, chronic pain or neurological disorders, where the 
patient is encouraged to try a plurality of therapy parameter 
sets to allow the patient and clinician to identify ef?cacious 
therapy parameter sets. 

The details of one or more embodiments of the invention 

are set forth in the accompanying drawings and the descrip 
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4 
tion below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, 
and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1A and 1B are conceptual diagrams illustrating 
example systems that include an implantable medical device 
that collects activity information according to the invention. 

FIGS. 2A and 2B are block diagrams further illustrating the 
example systems and implantable medical devices of FIGS. 
1A and 1B. 

FIG. 3 is a logic diagram illustrating an example circuit that 
detects the sleep state of a patient from the electroencepha 
logram (EEG) signal. 

FIG. 4 is a block diagram illustrating an example memory 
of the implantable medical device of FIG. 1. 

FIG. 5 is a ?ow diagram illustrating an example method for 
collecting activity information that may be employed by an 
implantable medical device. 

FIG. 6 is a block diagram illustrating an example clinician 
programmer. 

FIG. 7 illustrates an example list of therapy parameter sets 
and associated activity metric values that may be presented by 
a clinician pro grammer. 

FIG. 8 is a ?ow diagram illustrating an example method for 
displaying a list of therapy parameter sets and associated 
activity metric values that may be employed by a clinician 
programmer. 

FIG. 9 is a conceptual diagram illustrating a monitor that 
monitors values of one or more accelerometers of the patient 
instead of, or in addition to, a therapy delivering medical 
device. 

DETAILED DESCRIPTION 

FIGS. 1A and 1B are conceptual diagrams illustrating 
example systems 10A and 10B (collectively “systems 10”) 
that respectively include an implantable medical device 
(IMD) 14A or 14B (collectively “IMDs 14”) that collect 
information relating to the posture of a respective one of 
patients 12A and 12B (collectively “patients 12”). In the 
illustrated example systems 10A and 10B, IMDs 14 takes the 
form of an implantable neurostimulator that delivers neuro 
stimulation therapy in the form of electrical pulses or signals 
to a patient 12. However, the invention is not limited to imple 
mentation via an implantable neurostimulator. For example, 
in some embodiments of the invention, IMDs 14 may take the 
form of an implantable pump or implantable cardiac rhythm 
management device, such as a pacemaker, that collects pos 
ture information. Further, the invention is not limited to 
implementation via an IMD. In other words, any implantable 
or external medical device may collect activity information 
according to the invention. 

In the illustrated example, IMDs 14A and 14B delivers 
neurostimulation therapy to patients 12A and 12B via leads 
16A and 16B, and leads 16B and 16D (collectively “leads 
16”), respectively. Leads 16A and 16B may, as shown in FIG. 
1A, be implanted proximate to the spinal cord 18 of patient 
12A, and IMD 14A may deliver spinal cord stimulation (SCS) 
therapy to patient 12A in order to, for example, reduce pain 
experienced by patient 12A. However, the invention is not 
limited to the con?guration of leads 16A and 16B shown in 
FIG. 1A or the delivery of SCS or other pain therapies. 

For example, in another embodiment, illustrated in FIG. 
1B, leads 16C and 16D may extend to brain 19 of patient 12B, 
e.g., through cranium 17 of patient. IMD 14B may deliver 
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deep brain stimulation (DBS) or cortical stimulation therapy 
to patient 12 to treat any of a variety of non-respiratory 
neurological disorders, such as movement disorders or psy 
chological disorders. Non-respiratory neurological disorders 
exclude respiratory disorders, such as sleep apnea. Example 
therapies may treat tremor, Parkinson’s disease, spasticity, 
epilepsy, depression or obsessive-compulsive disorder. As 
illustrated in FIG. 1B, leads 16C and 16D may be coupled to 
IMD 14B via one or more lead extensions 15. 
As further examples, one or more leads 16 may be 

implanted proximate to the pelvic nerves (not shown) or 
stomach (not shown), and an IMD 14 may deliver neuro 
stimulation therapy to treat incontinence or gastroparesis. 
Additionally, leads 16 may be implanted on or within the 
heart to treat any of a variety of cardiac disorders, such as 
congestive heart failure or arrhythmia, or may be implanted 
proximate to any peripheral nerves to treat any of a variety of 
disorders, such as peripheral neuropathy or other types of 
chronic pain. 

The illustrated numbers and locations of leads 16 are 
merely examples. Embodiments of the invention may include 
any number of lead implanted at any of a variety of locations 
within a patient. Furthermore, the illustrated number and 
location of IMDs 14 are merely examples. IMDs 14 may be 
located anywhere within patient according to various 
embodiments of the invention. For example, in some embodi 
ments, an IMD 14 may be implanted on or within cranium 17 
for delivery of therapy to brain 19, or other structure of the 
head of the patient 12. 
IMDs 14 delivers therapy according to a set of therapy 

parameters, i.e., a set of values for a number of parameters 
that de?ne the therapy delivered according to that therapy 
parameter set. In embodiments where an IMD 14 delivers 
neurostimulation therapy in the form of electrical pulses, the 
parameters of each parameter set may include voltage or 
current pulse amplitudes, pulse widths, pulse rates, duration, 
duty cycle, and the like. Further, each of leads 16 includes 
electrodes (not shown in FIG. 1), and a therapy parameter set 
may include information identifying which electrodes have 
been selected for delivery of pulses, and the polarities of the 
selected electrodes. In embodiments in which IMDs 14 
deliver other types of therapies, therapy parameter sets may 
include other therapy parameters such as drug concentration 
and drug ?ow rate in the case of drug delivery therapy. 
Therapy parameter sets used by IMDs 14 may include a 
number of parameter sets programmed by one or more clini 
cians (not shown), and parameter sets representing adjust 
ments made by patients 12 to these preprogrammed sets. 

Each of systems 10 may also includes a clinician program 
mer 20 (illustrated as a part of system 10A in FIG. 1A). The 
clinician may use clinician programmer 20 to program 
therapy for patient 12A, e.g., specify a number of therapy 
parameter sets and provide the parameter sets to IMD 14A. 
The clinician may also use clinician programmer 20 to 
retrieve information collected by IMD 14A. The clinician 
may use clinician programmer 20 to communicate with IMD 
14A both during initial programming of IMD 14A, and for 
collection of information and further programming during 
follow-up visits. 

Clinician programmer 20 may, as shown in FIG. 1A, be a 
handheld computing device. Clinician programmer 20 
includes a display 22, such as a LCD or LED display, to 
display information to a user. Clinician programmer 20 may 
also include a keypad 24, which may be used by a user to 
interact with clinician programmer 20. In some embodi 
ments, display 22 may be a touch screen display, and a user 
may interact with clinician programmer 20 via display 22. A 
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6 
user may also interact with clinician programmer 20 using 
peripheral pointing devices, such as a stylus or mouse. Key 
pad 24 may take the form of an alphanumeric keypad or a 
reduced set of keys associated with particular functions. 

Systems 10 may also includes a patient programmer 26 
(illustrated as part of system 10A in FIG. 1A), which also 
may, as shown in FIG. 1A, be a handheld computing device. 
Patient 12A may use patient programmer 26 to control the 
delivery of therapy by IMD 14A. For example, using patient 
programmer 26, patient 12A may select a current therapy 
parameter set from among the therapy parameter sets prepro 
grammed by the clinician, or may adjust one or more param 
eters of a preprogrammed therapy parameter set to arrive at 
the current therapy parameter set. 

Patient programmer 26 may include a display 28 and a 
keypad 30, to allow patient 12A to interact with patient pro 
grammer 26. In some embodiments, display 28 may be a 
touch screen display, and patient 12A may interact with 
patient programmer 26 via display 28. Patient 12A may also 
interact with patient programmer 26 using peripheral point 
ing devices, such as a stylus, mouse, or the like. 

Clinician and patient programmers 20, 26 are not limited to 
the hand-held computer embodiments illustrated in FIG. 1A. 
Programmers 20, 26 according to the invention may be any 
sort of computing device. For example, a programmer 20, 26 
according to the invention may be a tablet-based computing 
device, a desktop computing device, or a workstation. 
IMDs 14, clinician programmers 20 and patient program 

mers 26 may, as shown in FIG. 1A, communicate via wireless 
communication. Clinician programmer 20 and patient pro 
grammer 26 may, for example, communicate via wireless 
communication with IMD 14A using radio frequency (RF) 
telemetry or infrared techniques known in the art. Clinician 
programmer 20 and patient programmer 26 may communi 
cate with each other using any of a variety of local wireless 
communication techniques, such as RF communication 
according to the 802.1 1 or Bluetooth speci?cation sets, infra 
red communication according to the IRDA speci?cation set, 
or other standard or proprietary telemetry protocols. 

Clinician programmer 20 and patient programmer 26 need 
not communicate wirelessly, however. For example, pro 
grammers 20 and 26 may communicate via a wired connec 
tion, such as via a serial communication cable, or via 
exchange of removable media, such as magnetic or optical 
disks, or memory cards or sticks. Further, clinician program 
mer 20 may communicate with one or both of IMD 14 and 
patient programmer 26 via remote telemetry techniques 
known in the art, communicating via a local area network 
(LAN), wide area network (WAN), public switched tele 
phone network (PSTN), or cellular telephone network, for 
example. 
As mentioned above, IMDs 14 collect patient posture 

information. Speci?cally, as will be described in greater 
detail below, IMDs 14 may monitor a plurality of signals, 
each of the signals generated by a respective sensor as a 
function of patient posture, and may identify posture events 
based on the signals. IMDs 14 may, for example, periodically 
identify the posture of patient 12 or transitions between pos 
tures made by patients 12 as posture events. For example, 
IMDs 14 may identify whether the patient is upright or 
recumbent, e.g., lying down, whether the patient is standing, 
sitting, or recumbent, or transitions between such postures. 
IMDs 14 may associate each determined posture event with 
the therapy parameter set that is currently active when the 
posture event is identi?ed. 

Over time, IMDs 14 uses a plurality of therapy parameter 
sets to deliver the therapy to patients 12, and, as indicated 
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above, may associate each identi?ed posture event with a 
current set of therapy parameters. For each of a plurality of 
therapy parameter sets used by IMDs 14 over time, a proces 
sor within IMDs 14 or a computing device, such as clinician 
programmer 20 or patient programmer 26, may determine a 
value of one or more posture metrics based on the posture 
events associated with that therapy parameter set. A posture 
metric value may be, for example, an amount or percentage of 
time spent in a posture while a therapy parameter set is active, 
e.g., an average amount of time over a period of time, such as 
an hour, that patients 12 were within a particular posture. In 
some embodiments, a posture metric value may be an average 
number of posture transitions over a period of time, e.g., an 
hour. 

In some embodiments, a plurality of posture metric values 
are determined for each of the plurality of therapy parameter 
sets. In such embodiments, an overall posture metric value 
may be determined. For example, the plurality of individual 
posture metric values may be used as indices to identify an 
overall posture metric value from a look-up table. The overall 
posture metric may selected from a predetermined scale of 
activity metric values, which may be numeric, such as activity 
metric values from 1-10. 
One or more of IMDs 14 or a computing device may 

determine the posture metric values as described herein. In 
some embodiments, IMDs 14 determine and store posture 
metric values for each of a plurality of therapy parameter sets, 
and provide information identifying the therapy parameter 
sets and the associated posture metric values to a computing 
device, such as programmer 20. In other embodiments, IMDs 
14 provide information identifying the therapy parameter sets 
and associated posture events to the computing device, and 
the computing devices determine the activity metric values 
for each of the therapy parameter sets using any of the tech 
niques described herein with reference to IMDs 14. In still 
other embodiments, IMDs 14 provide signals output by sen 
sors as function of patient posture to the computing device, or 
the computing devices receive the signals directed from the 
sensors via a wired or wireless link. In such embodiments, the 
computing device may identify posture events and determine 
posture metric values based on the signals using any of the 
techniques described herein with reference to IMDs 14. 

In any of these embodiments, programmer 20 may present 
a list of the plurality of parameter sets and associated posture 
metric values to the clinician via display 22. Programmer 20 
may order the list according to the posture metric values. 
Where values are determined for a plurality of posture metrics 
for each of the therapy parameter sets, programmer 20 may 
order the list according to the values of one of the posture 
metrics that is selected by the clinician. Programmer 20 may 
also present other posture information to the clinician, such as 
a trend diagram of posture over time, or a histogram or pie 
chart illustrating percentages of time that the patient assumed 
certain postures. Programmer 20 may generate such charts or 
diagrams using posture events associated with a particular 
one of the therapy parameter sets, or all of the posture events 
identi?ed over a period of time. 

However, the invention is not limited to embodiments that 
include programmer 20, or embodiments in which program 
mer presents posture information to the clinician. For 
example, in some embodiments, programmer 26 presents 
posture information as described herein to one or both of the 
clinician and patients 12. Further, in some embodiments, an 
external medical device comprises a display. In such embodi 
ments, the external medical device may both determine pos 
ture metric values for the plurality of therapy parameter sets, 
and presents the list of therapy parameter sets and posture 
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8 
metric values. Additionally, in some embodiments, any type 
of computing device, e.g., personal computer, workstation, or 
server, may identify posture events, determine posture metric 
values, and/ or present a list to a patient or clinician. 

FIGS. 2A and 2B are block diagrams further illustrating 
systems 10A and 10B. In particular, FIG. 2A illustrates an 
example con?guration of IMD 14A and leads 16A and 16B. 
FIG. 2B illustrates an example con?guration of IMD 14B and 
leads 16C and 16D. FIGS. 2A and 2B also illustrate sensors 
40A and 40B (collectively “sensors 40”) that generate signals 
that vary as a function of patient posture. As will be described 
in greater detail below, IMDs 14 monitors the signals, and 
may identify posture events based on the signals. 
IMD 14A may deliver neurostimulation therapy via elec 

trodes 42A-D of lead 16A and electrodes 42E-H of lead 
16B , while IMD 14B delivers neurostimulation via elec 
trodes 421-L of lead 16C and electrodes 42 M-P of lead 16D 
(collectively “electrodes 42”). Electrodes 42 may be ring 
electrodes. The con?guration, type and number of electrodes 
42 illustrated in FIGS. 2A and 2B are merely exemplary. For 
example, leads 16 may each include eight electrodes 42, and 
the electrodes 42 need not be arranged linearly on each of 
leads 16. 

In each of systems 10A and 10B, electrodes 42 are electri 
cally coupled to a therapy delivery module 44 via leads 16. 
Therapy delivery module 44 may, for example, include an 
output pulse generator coupled to a power source such as a 
battery. Therapy delivery module 44 may deliver electrical 
pulses to a patient 12 via at least some of electrodes 42 under 
the control of a processor 46, which controls therapy delivery 
module 44 to deliver neurostimulation therapy according to a 
current therapy parameter set. However, the invention is not 
limited to implantable neuro stimulator embodiments or even 
to IMDs that deliver electrical stimulation. For example, in 
some embodiments a therapy delivery module 44 of an IMD 
may include a pump, circuitry to control the pump, and a 
reservoir to store a therapeutic agent for delivery via the 
pump. 

Processor 46 may include a microprocessor, a controller, a 
digital signal processor (DSP), an application speci?c inte 
grated circuit (ASIC), a ?eld-programmable gate array 
(FPGA), discrete logic circuitry, or the like. Memory 48 may 
include any volatile, non-volatile, magnetic, optical, or elec 
trical media, such as a random access memory (RAM), read 
only memory (ROM), non-volatile RAM (NVRAM), electri 
cally-erasable programmable ROM (EEPROM), ?ash 
memory, and the like. In some embodiments, memory 48 
stores program instructions that, when executed by processor 
46, cause IMD 14 and processor 46 to perform the functions 
attributed to them herein. 
Each of sensors 40 generates a signal that varies as a 

function of a patient 12 posture. IMDs 14 may include cir 
cuitry (not shown) that conditions the signals generated by 
sensors 40 such that they may be analyzed by processor 46. 
For example, IMDs 14 may include one or more analog to 
digital converters to convert analog signals generated by sen 
sors 40 into digital signals usable by processor 46, as well as 
suitable ?lter and ampli?er circuitry. Although shown as 
including two sensors 40, systems 10A and 10B may include 
any number of sensors. 

Further, as illustrated in FIGS. 2A and 2B, sensors 40 may 
be included as part of IMDs 14, or coupled to IMDs 14 via 
leads 16. Sensors 40 may be coupled to IMDs 14 via therapy 
leads 16A-16D, or via other leads 16, such as lead 16E 
depicted in FIGS. 2A and 2B. In some embodiments, a sensor 
40 located outside of an IMD 14 may be in wireless commu 
nication with processor 46. Wireless communication between 
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sensors 40 and IMDs 14 may, as examples, include RF com 
munication or communication via electrical signals con 
ducted through the tissue and/or ?uid of a patient 12. 

Additionally, in some embodiments, sensors 40 may 
include one or more electrodes positioned within or proxi 
mate to the brain of patient 12, which detect electrical activity 
of the brain. For example, in embodiments in which an IMD 
14 delivers stimulation or therapeutic agents to the brain, 
processor 46 may be coupled to electrodes implanted on or 
within the brain via a lead 16. System 10B, illustrated in 
FIGS. 1B and 2B, is an example of a system that includes 
electrodes 42, located on or within the brain of patient 12B, 
that are coupled to IMD 14B. 
As shown in FIG. 2B, electrodes 42 may be selectively 

coupled to therapy module 44 or an EEG signal module 54 by 
a multiplexer 52, which operates under the control of proces 
sor 46. EEG signal module 54 receives signals from a selected 
set of the electrodes 42 via multiplexer 52 as controlled by 
processor 46. EEG signal module 54 may analyze the EEG 
signal for certain features indicative of sleep or different sleep 
states, and provide indications of relating to sleep or sleep 
states to processor 46. Thus, electrodes 42 and EEG signal 
module 54 may be considered another sensor 40 in system 
10B. IMD 14B may include circuitry (not shown) that con 
ditions the EEG signal such that it may be analyzed by pro 
cessor 52. For example, IMD 14B may include one or more 
analog to digital converters to convert analog signals received 
from electrodes 42 into digital signals usable processor 46, as 
well as suitable ?lter and ampli?er circuitry. 

In some embodiments, processor 46 will only request EEG 
signal module 54 to operate when one or more other physi 
ological parameters indicate that patient 12B is already 
asleep. However, processor 46 may also direct EEG signal 
module to analyze the EEG signal to determine whether 
patient 12B is sleeping, and such analysis may be considered 
alone or in combination with other physiological parameters 
to determine whether patient 12B is asleep. EEG signal mod 
ule 60 may process the EEG signals to detect when patient 12 
is asleep using any of a variety of techniques, such as tech 
niques that identify whether a patient is asleep based on the 
amplitude and/or frequency of the EEG signals. In some 
embodiments, the functionality of EEG signal module 54 
may be provided by processor 46, which, as described above, 
may include one or more microprocessors, ASICs, or the like. 

Sensors 40 may include a plurality of accelerometers, 
gyros, or magnetometers that generate signals that indicate 
the posture of a patient 12. Sensors 40 may be oriented sub 
stantially orthogonally with respect to each other. In addition 
to being oriented orthogonally with respect to each other, 
each of sensors 40 used to detect the posture of patient 12 may 
be substantially aligned with an axis of the body of a patient 
12. When accelerometers, for example, are aligned in this 
manner, the magnitude and polarity of DC components of the 
signals generate by the accelerometers indicate the orienta 
tion of the patient relative to the Earth’s gravity, e.g., the 
posture of a patient 12. Further information regarding use of 
orthogonally aligned accelerometers to determine patient 
posture may be found in a commonly assigned US. Pat. No. 
5,593,431, which issued to Todd J. Sheldon. 

Other sensors 40 that may generate a signal that indicates 
the posture of a patient 12 include electrodes that generate a 
signal as a function of electrical activity within muscles of the 
patient 12, e.g., an electromyogram (EMG) signal, or a 
bonded piezoelectric crystal that generates a signal as a func 
tion of contraction of muscles. Electrodes or bonded piezo 
electric crystals may be implanted in the legs, buttocks, chest, 
abdomen, or back of a patient 12, and coupled to IMDs 14 
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10 
wirelessly or via one or more leads 16. Alternatively, elec 
trodes may be integrated in a housing of the IMDs or piezo 
electric crystals may be bonded to the housing when IMDs are 
implanted in the buttocks, chest, abdomen, or back of a 
patient 12. The signals generated by such sensors when 
implanted in these locations may vary based on the posture of 
a patient 12, e.g., may vary based on whether the patient is 
standing, sitting, or laying down. 

Further, the posture of a patient 12 may affect the thoracic 
impedance of the patient. Consequently, sensors 40 may 
include an electrode pair, including one electrode integrated 
with the housing of IMDs 14 and one of electrodes 42, that 
generates a signal as a function of the thoracic impedance of 
a patient 12, and processor 46 may detect the posture or 
posture changes of the patient 12 based on the signal. The 
electrodes of the pair may be located on opposite sides of the 
patient’s thorax. For example, the electrode pair may include 
one of electrodes 42 located proximate to the spine of a 
patient for delivery of SCS therapy, and IMD 14A with an 
electrode integrated in its housing may be implanted in the 
abdomen or chest of patient 12A. 

Additionally, changes of the posture of a patient 12 may 
cause pressure changes with the cerebrospinal ?uid (CSF) of 
the patient. Consequently, sensors 40 may include pressure 
sensors coupled to one or more intrathecal or intracere 

broventricular catheters, or pressure sensors coupled to IMDs 
14 wirelessly or via lead 16. CSF pressure changes associated 
with posture changes may be particularly evident within the 
brain of the patient, e.g., may be particularly apparent in an 
intracranial pressure (ICP) waveform. 

Processor 46 may periodically determine the posture of a 
patient 12, and may store indications of the determined pos 
tures within memory 48 as posture events. Where systems 10 
includes a plurality of orthogonally aligned sensors 40 
located on or within the trunk of a patient 12, e.g., within 
IMDs 14 which is implanted within the abdomen of a patient 
12 as illustrated in FIG. 1, processor 46 may be able to 
periodically determine whether patient is, for example, 
upright or recumbent, e.g., lying down. In embodiments of 
system 10 that include an additional one or more sensors 40 at 

other locations on or within the body of a patient 12, proces 
sor 46 may be able to identify additional postures of the 
patient 12. For example, in an embodiment of systems 10 that 
includes one or more sensors 40 located on or within the thigh 

of a patient 12, processor 46 may be able to identify whether 
the patient 12 is standing, sitting, or lying down. Processor 46 
may also identify transitions between postures based on the 
signals output by sensors 40, and may store indications of the 
transitions, e.g., the time of transitions, as posture events 
within memory 48. 

Processor 46 may identify postures and posture transitions 
by comparing the signals generated by sensors 40 to one or 
more respective threshold values. For example, when a 
patient 12 is upright a DC component of the signal generated 
by one of a plurality of orthogonally aligned accelerometers 
may be substantially at a ?rst value, e.g., high or one, while 
the DC components of the signals generated by others of the 
plurality of orthogonally aligned accelerometers may be sub 
stantially at a second value, e. g., low or zero. When a patient 
12 becomes recumbent, the DC component of the signal 
generated by one of the plurality of orthogonally aligned 
accelerometers that had been at the second value when the 
patient was upright may change to the ?rst value, and the DC 
components of the signals generated by others of the plurality 
of orthogonally aligned accelerometers may remain at or 
change to the second value. Processor 46 may compare the 
signals generated by such sensors to respective threshold 
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values to determine whether they are substantially at the ?rst 
or second value, and to identify when the signals change from 
the ?rst value to the second value. 

Processor 46 may identify posture events continuously or 
periodically, e.g., one sample of the signals output by sensors 
40 every minute or continuously for ten minutes each hour. In 
some embodiments, processor 46 limits recording of posture 
events to relevant time periods, i.e., when a patient 12 is 
awake or likely to be awake, and therefore likely to be active. 
For example, a patient 12 may indicate via patient program 
mer 26 when patient is going to sleep or awake. Processor 46 
may receive these indications via a telemetry circuit 50 of 
IMDs 14, and may suspend or resume recording of posture 
events based on the indications. In other embodiments, pro 
cessor 46 may maintain a real-time clock, and may record 
posture events based on the time of day indicated by the clock, 
e.g., processor 46 may limit posture event recording to day 
time hours. 

In some embodiments, processor 46 may determine when 
a patient 12 is attempting to sleep by receiving an indication 
from patient programmer 26. In other embodiments, proces 
sor 46 may monitor one or more physiological parameters of 
a patient 12 via signals generated by sensors 40, and may 
determine when the patient 12 is attempting to sleep or asleep 
based on the physiological parameters. For example, proces 
sor 46 may determine when the patient 12 is attempting to 
sleep by monitoring a physiological parameter indicative of 
patient physical activity. In some embodiments, processor 46 
may determine whether a patient 12 is attempting to sleep by 
determining whether the patient 12 remains in a recumbent 
posture for a threshold amount of time. 

In other embodiments, processor 46 determines when a 
patient 12 is attempting to fall asleep based on the level of 
melatonin in a bodily ?uid. In such embodiments, a sensor 40 
may take the form of a chemical sensor that is sensitive to the 
level of melatonin or a metabolite of melatonin in the bodily 
?uid, and estimate the time that the patient 12 will attempt to 
fall asleep based on the detection. For example, processor 46 
may compare the melatonin level or rate of change in the 
melatonin level to a threshold level stored in memory 48, and 
identify the time that threshold value is exceeded. Processor 
46 may identify the time that the patient 12 is attempting to 
fall asleep as the time that the threshold is exceeded, or some 
amount of time after the threshold is exceeded. Any of a 
variety of combinations or variations of the above-described 
techniques may be used to determine when a patient 12 is 
attempting to fall asleep, and a speci?c one or more tech 
niques may be selected based on the sleeping and activity 
habits of a particular patient. 

In order to determine whether a patient 12 is asleep, pro 
cessor 46 may monitor any one or more physiological param 
eters that discernibly change when the patient 12 falls asleep, 
such as activity level, posture, heart rate, electrocardiogram 
(ECG) morphology, electroencephalogram (EEG) morphol 
ogy, respiration rate, respiratory volume, blood pressure, 
blood oxygen saturation, partial pressure of oxygen within 
blood, partial pressure of oxygen within cerebrospinal ?uid, 
muscular activity and tone, core temperature, subcutaneous 
temperature, arterial blood ?ow, brain electrical activity, eye 
motion, and galvanic skin response. Processor 46 may addi 
tionally or alternatively monitor the variability of one or more 
of these physiological parameters, such as heart rate and 
respiration rate, which may discernible change when a patient 
12 is asleep. Further details regarding monitoring physiologi 
cal parameters to identify when a patient is attempting to 
sleep and when the patient is asleep may be found in a com 
monly-assigned and co-pending US. patent application Ser. 
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No. 1 1/691 ,045 by Kenneth Heruth and Keith Miesel, entitled 
“DETECTING SLEEP,” and ?led Mar. 26, 2007, and is incor 
porated herein by reference in its entirety. 

In other embodiments, processor 46 may record posture 
events in response to receiving an indication from patient 12 
via patient programmer 26. For example, processor 46 may 
record posture during times when a patient 12 believes the 
therapy delivered by IMD 14 is ineffective and/or the symp 
toms experienced by the patient 12 have worsened. In this 
manner, processor 46 may limit data collection to periods in 
which more probative data is likely to be collected, and 
thereby conserve a battery and/ or storage space within 
memory 48. 

FIG. 3 is a logical diagram of an example circuit that 
detects sleep and/or the sleep type of a patient based on the 
electroencephalogram (EEG) signal. Alternatively, the circuit 
may identify an awake state if a sleep state is not detected. As 
shown in FIG. 3, module 49 may be integrated into an EEG 
signal module of IMDs 14 or a separate implantable or exter 
nal device capable of detecting an EEG signal.An EEG signal 
detected by electrodes adjacent to the brain of a patient 12 is 
transmitted into module 49 and provided to three channels, 
each of which includes a respective one of ampli?ers 51, 67 
and 83, and bandpass ?lters 53, 69 and 85. In other embodi 
ments, a common ampli?er ampli?es the EEG signal prior to 
?lters 53, 69 and 85. 

Bandpass ?lter 53 allows frequencies between approxi 
mately 4 HZ and approximately 8 HZ, and signals within the 
frequency range may be prevalent in the EEG during S1 and 
S2 sleep states. Bandpass ?lter 69 allows frequencies 
between approximately 1 HZ and approximately 3 HZ, which 
may be prevalent in the EEG during the S3 and S4 sleep states. 
Bandpass ?lter 85 allows frequencies between approximately 
10 HZ and approximately 50 HZ, which may be prevalent in 
the EEG during REM sleep. Each resulting signal may then 
processed to identify in which sleep state a patient 12 is. 

After bandpass ?ltering of the original EEG signal, the 
?ltered signals are similarly processed in parallel before 
being delivered to sleep logic module 99. For ease of discus 
sion, only one of the three channels will be discussed herein, 
but each of the ?ltered signals would be processed similarly. 
Once the EEG signal is ?ltered by bandpass ?lter 53, the 

signal is recti?ed by full-wave recti?er 55. Modules 57 and 59 
respectively determine the foreground average and back 
ground average so that the current energy level can be com 
pared to a background level at comparator 63. The signal from 
background average is increased by gain 61 before being sent 
to comparator 63, because comparator 63 operates in the 
range of millivolts or volts while the EEG signal amplitude is 
originally on the order of microvolts. The signal from com 
parator 63 is indicative of sleep stages S1 and S2. If duration 
logic 65 determines that the signal is greater than a predeter 
mined level for a predetermined amount of time, the signal is 
sent to sleep logic module 99 indicating that patient 12 may be 
within the S1 or S2 sleep states. In some embodiments, as 
least duration logic 65, 81, 97 and sleep logic 99 may be 
embodied in a processor of the device containing EEG mod 
ule 49. 
Module 49 may detect all sleep types for a patient 12. 

Further, the beginning of sleep may be detected by module 49 
based on the sleep state of a patient 12. Some of the compo 
nents of module 49 may vary from the example of FIG. 3. For 
example, gains 61, 77 and 93 may be provided from the same 
power source. Module 49 may be embodied as analog cir 
cuitry, digital circuitry, or a combination thereof. 

In other embodiments, FIG. 3 may not need to reference the 
background average to determine the current state of sleep of 














